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dengue (Coloración de HE y PAS x100).
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Abstract
Introduction: The mechanisms involved in the immunopathogenesis of sepsis are not well 
established. The clinical and therapeutic relevance of several soluble mediators has been 
GHVFULEHG DQG WKH FRQWULEXWLRQ RI FHOOXODU FRPSRQHQWV ZLWK LPPXQRUHJXODWRU\ UROHV KDV
begun to be elucidated. 
Objective:7RGHVFULEHFKDQJHVLQWKHIUHTXHQF\DQGSURGXFWLRQRI,)1ŠDQG,/RFFXUULQJ
LQ1.FHOOVDQGŠš7O\PSKRF\WHVLQDFRKRUWRISDWLHQWVZLWKGLIIHUHQWPDQLIHVWDWLRQVRIVHS-
WLFV\QGURPH
Materials and methods: This was a SURVSHFWLYHFRKRUWVWXG\3DWLHQWVZLWKVHSVLVQ DQG
VHYHUHVHSVLVQ IURPDGXOWHPHUJHQF\URRPVDQGLQWHQVLYHFDUHXQLWVDVZHOODVKHDOWK\
YROXQWHHUV Q ZHUH LQFOXGHG )RU DOO SDUWLFLSDQWV WKH IUHTXHQF\ DQG SKHQRW\SH RI 1.
FHOOVDQGŠš7O\PSKRF\WHVDQGWKHSHUFHQWDJHRI,)1ŠDQG,/SRVLWLYH1.DQGŠš7FHOOV
ZHUHHYDOXDWHGE\IORZF\WRPHWU\7KH1.FHOOVZHUHSKHQRW\SHGEDVHGRQWKHH[SUHVVLRQRI
&'DQG&'DQGWKHŠš7FHOOVRQWKHH[SUHVVLRQRIšDQGšFKDLQV
Results: 3DWLHQWVZLWK VHSVLV DQG VHYHUH VHSVLV H[KLELWHG DQ LQFUHDVH LQ WKH IUHTXHQF\ RI
NK cells with changes in the proportion of the CD56bright/CD16¯, CD56bright/CD16dim and 
CD56dim&'Ĉ VXESRSXODWLRQV WKHVH FHOOV VKRZHG D SURLQIODPPDWRU\ F\WRNLQH SURILOH 
$GHFUHDVHLQWKH9šVXEVHWRIŠš7O\PSKRF\WHVZDVDOVRREVHUYHG
Conclusions: 2XU UHVXOWV LQGLFDWH D UROH IRU1. DQG Šš7 FHOOV GXULQJ VHSVLV KRZHYHU WKHLU
H[DFWFRQWULEXWLRQLQWKHSDWKRJHQHVLVRIVHSVLVV\QGURPHUHTXLUHVIXUWKHUVWXGLHV
© 2013 ACIN. 3XEOLVKHGE\(OVHYLHU(VSDxD6/$OOULJKWVUHVHUYHG.
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Introduction
Sepsis is considered the main cause of death in non-cor-
RQDU\ LQWHQVLYH FDUH XQLWV DQG RQH RI WKHPRVW FRPPRQ
causes in the general population worldwide, with a mor-
WDOLW\UDWHFORVHWRDQGDQDQQXDOLQFUHDVHLQWKHLQFL-
GHQFH UDWHRI7KLV V\QGURPH LVFRPSOH[DQG LQYROYHV
DFRQWLQXXPRISDWKRORJLFDOSURFHVVHVRIYDU\LQJVHYHULW\
including different clinical stages such as sepsis, severe 
sepsis and septic shock.1 The immune response to sepsis is 
FKDUDFWHUL]HGE\ DQ LQLWLDO SURLQIODPPDWRU\SKDVHPDQL-
IHVWHGE\KLJKOHYHOVRIWKHWXPRUQHFURVLVIDFWRUŞ71)
Ş LQWHUOHXNLQ ,/ ş ,/ ,/ OHXNRWULHQHV DGKHVLRQ
PROHFXOHVDQGUHDFWLYHR[\JHQVSHFLHV2 The second phase 
LVFKDUDFWHUL]HGE\DQWLLQIODPPDWRU\PHGLDWRUVSURGXFHG
IRU OLPLWLQJ WKH LQIODPPDWRU\ SURFHVV KRZHYHU SDWLHQWV
ZKRVXUYLYHWKHLQLWLDOSKDVHRIVHSVLVPD\GHYHORSDVWDWH
of immunosuppression.3
Inmmunosupression during sepsis, also known as com-
SHQVDWRU\DQWLLQIODPPDWRU\UHVSRQVHV\QGURPH&$564 
LVFKDUDFWHUL]HGE\GHIHFWVLQSKDJRF\WRVLVDQWLJHQSUR-
cessing and presentation, apoptosis of dendritic cells, 
QHXWURSKLOV DQG 7 DQG % O\PSKRF\WHV IXQFWLRQDO DOWHU-
DWLRQ RI PRQRF\WHV LQGXFHG E\ WKH ORZ H[SUHVVLRQ RI
FODVV ,, KLVWRFRPSDWLELOLW\PROHFXOHV DQG WKH LQFUHDVHG
SURGXFWLRQ RI DQWLLQIODPPDWRU\ F\WRNLQHV OLNH ,/
,/7*)şDQGWKHVROXEOHUHFHSWRURI71)Ş5,6 During 
the immunosuppressive stage, patients are prone to 
DFTXLUHVHFRQGDU\LQIHFWLRQVDQGWKHUHIRUHWKHSUREDELO-
LW\RIGHDWKLQFUHDVHV7
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Incremento en la frecuencia de células NK y células T gamma delta 1 en una cohorte 
de pacientes con sepsis
Resumen
Introducción: Los mecanimos involucrados en la inmunopatogénesis de las sepsis no han sido 
FODUDPHQWHHVWDEOHFLGRV/DLPSRUWDQFLDFOtQLFD\WHUDSpXWLFDGHGLIHUHQWHVPHGLDGRUHVVROX-
EOHVKDVLGRGHVFULWD\ODFRQWULEXFLyQGHFRPSRQHQWHVFHOXODUHVFRQSURSLHGDGHVLQPXQRUUH-
guladoras ha empezado a dilucidarse.
Objetivo: 'HVFULELU ORVFDPELRVHQODIUHFXHQFLD\HQODSURGXFFLyQGH ,)1ŠH ,/TXHVH
REVHUYDHQFpOXODV1.\OLQIRFLWRV7 ŠšHQXQDFRKRUWHGHSDFLHQWHVFRQGLIHUHQWHVPDQLIHVWD-
ciones del síndrome séptico. 
Materiales y métodos: (VWXGLRGHFRKRUWHSURVSHFWLYDGRQGHSDFLHQWHVFRQVHSVLV Q \
VHSVLVJUDYHQ SURYHQLHQWHVGHODVVDODVGHHPHUJHQFLDV\XQLGDGHVGHFXLGDGRLQWHQVLYR
\FRQWUROHVVDQRVQ IXHURQ LQFOXLGRV7DQWR ODIUHFXHQFLD\IHQRWLSRGH ODVFpOXODV1.\
T ŠšFRPRHOSRUFHQWDMHGHFpOXODV,)1ŠH,/IXHURQHYDOXDGRVPHGLDQWHFLWRPHWUtDGH
IOXMR/DVFpOXODV1.IXHURQIHQRWLSLILFDGDVFRQEDVHHQODH[SUHVLyQGHODVPROpFXODV&'\&'
\ORV7ŠšFRQEDVHHQODH[SUHVLyQGHODVFDGHQDVš\š
Resultados: (QORVSDFLHQWHVFRQVHSVLV\VHSVLVJUDYHVHREVHUYyXQLQFUHPHQWRHQODIUHFXHQ-
cia de las células NK con cambios en las proporciones de las subpoblaciones CD56bright/CD16¯, 
CD56bright/CD16dim\&'dimCD16¯; en estas células se observó un perfil de citocinas proinfla-
PDULDV6HREVHUYyXQDUHGXFFLyQHQHOSRUFHQWDMHGHFpOXODV9š
Conclusiones:/RVUHVXOWDGRVVXJLHUHQXQSDSHOGHODVFpOXODV1.\OLQIRFLWRV7ŠšGXUDQWHOD
sepsis; sin embargo, su contribución en la patogénesis de este síndrome requiere estudios 
adicionales.
© 2013 ACIN. Publicado por Elsevier España, S.L. Todos los derechos reservados.
7KH EDODQFH EHWZHHQ WKH SUR DQG DQWLLQIODPPDWRU\
events of the immune response is a critical event in the out-
FRPHRIWKHSDWLHQWDQGDOWKRXJKVROXEOHDQWLLQIODPPDWRU\
PHGLDWRUV KDYHEHHQGHVFULEHG DV NH\ FRPSRQHQWV RI WKH
HYROXWLRQRIVHSVLVOLWWOHLVNQRZQDERXWWKHUROHRIO\PSKR-
F\WHVRIWKHLQQDWHLPPXQLW\WKDWFDQPHGLDWHLPPXQHUHJ-
ulation. Diverse evidence supports the importance of natural 
NLOOHU 1. FHOOV DQG Šš 7 O\PSKRF\WHV GXULQJ VHSVLV8-11 
However, the role of these cells during the pathogenesis of 
WKHGLVHDVHLV\HWFRQWURYHUVLDOPDLQO\EHFDXVHPRVWRIWKH
available knowledge comes from animal models whose data 
FDQQRWEHHDVLO\WUDQVIHUUHG LQWRWKHKXPDQV8-11 Consider-
LQJ WKDW LQQDWH O\PSKRF\WHV FRXOG SOD\ DQ LPSRUWDQW UROH
GXULQJERWKWKHSURLQIODPPDWRU\DQGWKHLPPXQHVXSSUHV-
VLYH VWDJHV RI VHSVLV WKHDLPRI WKHSUHVHQW VWXG\ZDV WR
HYDOXDWHWKHIUHTXHQF\SKHQRW\SHDQGIXQFWLRQDOUHVSRQVH
RI1.DQGŠš7FHOOV LQDFRKRUWRISDWLHQWVZLWKGLIIHUHQW
PDQLIHVWDWLRQVRIWKHVHSWLFV\QGURPH
Materials and methods
Patients and study design
7KLV FURVVVHFWLRQDO VWXG\ZLWK SURVSHFWLYH GDWD FROOHF-
tion included 114 patients with sepsis admitted to the 
HPHUJHQF\ GHSDUWPHQW (' RU WR LQWHQVLYH FDUH XQLWV
(ICUs) at the “Hospital Universitario San Vicente de Paúl” 
(Medellín, Colombia). This is a 550-beds, fourth level Uni-
YHUVLW\+RVSLWDOZLWK DQ DGPLVVLRQ UDWH RI DSSUR[LPDWHO\
,QFUHDVHGIUHTXHQF\RI1.DQGJDPPDGHOWD7FHOOVLQDFRKRUWRISDWLHQWVZLWKVHSVLV 
ZDUH %HFWRQ'LFNLQVRQ $OO DSSURSULDWH LVRW\SH FRQWUROV
were run for each sample. 
Analysis
Comparisons between groups were made with the Kruskal 
Wallis test and post-hoc comparisons were based on the 
Dunn test, considering significant differences with p values 
ORZHUWKDQ7KHIUHTXHQF\RIFHOOVVXESRSXODWLRQVDUH
GHSLFWHG DV WKH SHUFHQWDJH RI HDFK FHOOXODU W\SH DPRQJ
WKH WRWDORISHULSKHUDO O\PSKRF\WHV7KH UHVXOWVDUHSUH-
sented as means and standard deviation or medians with 
PLQLPDO DQGPD[LPDO YDOXHV DFFRUGLQJ WR WKH W\SH RI
data; in the Figures the data are represented as median 
DQGLQWHUTXDUWLOHUDQJH,45)XQFWLRQDODQDO\VHVDUHSUH-
sented as delta percentage (the percentage on stimulated 
cells minus and the percentage on non stimulated cells), 
DQG DV UDWLRV EHWZHHQ WKH SHUFHQWDJH RI ,)1Š SRVLWLYH
FHOOVDQGWKHSHUFHQWDJHRI,/SRVLWLYHFHOOVDVDZD\WR
reflect the net balance of TH1/TH2 responses, or between 
WKHSHUFHQWDJHRIšDQGšSRVLWLYHFHOOVWRGHPRQVWUDWH
the switch in the proportion of these subpopulations in 
SHULSKHUDO EORRG )RU WKH DQDO\VLV WKH *UDG3DG 3ULPV 
software was used.
Results
Study population
A total of 114 patients were included, most of them with 
VHYHUHVHSVLVQ DFFRUGLQJWRWKHSUHVHQFHRIDWOHDVW
RQH RUJDQ G\VIXQFWLRQ +RZHYHU FRPSDUHG WR WKH XVXDO
presentation in sepsis, the general findings indicated a 
SDUWLFXODUO\ \RXQJ DQG KHDOWK\ SRSXODWLRQZLWK DPHGLDQ
DJHRI\HDUV\HDUVDQGRIWKHPSDWLHQWV
ZLWKRXWDQ\SUHYLRXVFRPRUELGLW\$OVRWKHDYHUDJHYDOXHV
of the SOFA (3 ± 2) and APACHE II (12 ± 5) scores suggested 
D UHODWLYHO\ ORZ VHYHULW\ $PLFURELRORJLFDO FRQILUPDWLRQ
RI LQIHFWLRQZDV SRVVLEOH LQ   SDWLHQWV EORRG FXO-
WXUHVZHUHUHTXHVWHGLQSDWLHQWVDQGRIWKHP
DPRQJWKHWRWDO VWXG\SRSXODWLRQ\LHOGHGDSRVLWLYH
result. The main demographic and clinical characteristics 
of the patients, according to the clinical stage, are shown 
in Table 1.
Increased frequency of NK cells during sepsis
As shown in Figure 1, the percentage of NK, assessed among 
the total PBMCs and defined as CD3¯ and CD56CD16/
CD56CD16¯/CD56¯CD16 FHOOVZDV VLJQLILFDQWO\ LQFUHDVHG
in patients with sepsis and severe sepsis compared with 
KHDOWK\ GRQRUV   DQG   YV
  S  IRU ERWK UHVSHFWLYHO\+RZ-
ever, no differences were observed in the percentage of 
these cells between groups of septic patients. In addition, 
no differences were found among the three groups studied 
UHJDUGLQJ WKH IUHTXHQF\Šš7 O\PSKRF\WHV PHGLDQ FRQWURO
JURXSSDWLHQWVZLWKVHSVLV
 DQGSDWLHQWVZLWK VHYHUH VHSVLV  
No differences were found in the absolute number of these 
cell populations among groups (data not shown).
1,800 patients per month through the ED, and it is a ref-
HUHQFH LQVWLWXWLRQIRUDUHJLRQRIDSSUR[LPDWHO\PLOOLRQ
KDELWDQWV3DWLHQWVLQWKLVVWXG\EHORQJWRDODUJHUFRKRUW
H[DPLQHGIRUWKHUHVHDUFK´Toward an operative diagnosis 
in sepsis: a latent class approach”.12 All patients were 
!\HDUVROGZLWKFOLQLFDOVXVSLFLRQRILQIHFWLRQDQGZHUH
admitted in the ED or ICUs within 24 hours before recruit-
PHQWWRWKHVWXG\6HSVLVDQGVHYHUHVHSVLVZHUHGHILQHG
E\ FOLQLFDO FRQVHQVXV RI WKUHH H[SHUWVZLWK FOLQLFDO SUDF-
tice in internal medicine, infectious diseases and intensive 
FDUH7KLVFRQVHQVXVIROORZHGWKHFULWHULDSURSRVHGE\WKH
last international conference of sepsis definitions.13
The general protocol for each patient after recruitment 
and within 24 hours was: collection of baseline clinical data; 
calculation of entrance Sepsis Organ Failure Assessment 
62)$ VFRUH$FXWH3K\VLRORJ\DQG&KURQLF+HDOWK(YDOXD-
tion (APACHE II) score, and blood sampling (one EDTA tube 
RIPO'XULQJVHYHQGD\VSDWLHQWVZHUHPRQLWRUHGZLWK
GDLO\UHFRUGLQJRIDQ\UHOHYDQWGDWDUHJLVWHUHGLQPHGLFDORU
nurse records, using a standardized case report form. The 
local scientific ethical committee (“Comité de ética del Cen-
tro de Investigaciones Médicas de la Facultad de Medicina de 
la Universidad de Antioquia”) approved sample collection on 
the basis of informed consent. To provide a panel of values 
IURPKHDOWK\GRQRUVZH LQFOXGHGSHULSKHUDOEORRGVDPSOHV
IURPHLJKWDGXOWVIRXUPDOHVZLWKPHGLDQDJHRI\HDUV
ZLWKLQWKHUDQJHRI\HDUV
Cell phenotyping
Peripheral blood mononuclear cells (PBMC) from patients 
with diagnosis of sepsis or severe sepsis were isolated 
XVLQJ GHQVLW\ JUDGLHQWV )LFROO +LVWRSDTXH  6LJPD
$OGLFK DQG FU\RSUHVHUYHG XQWLO WKHLU SURFHVVLQJ &HOOV
were thawed after 3-5 months of freezing and in all cases 
YLDELOLW\ZDVKLJKHUWKDQ7RGHWHUPLQHWKHIUHTXHQF\
DQG SKHQRW\SH WKH IROORZLQJ FRPELQDWLRQ RIPRQRFORQDO
DQWLERGLHVZHUHXVHG DQWL&'$3&&\&'),7& DQG
&' 3( IRU 1. FHOOV DQG DQWL&' $3&&\ DQWLŠš7&5
),7& &' 3(&\ RU DQWLš),7& DQG DQWLš 3( IRU Šš7
O\PSKRF\WHV0RVWRIWKHDQWLERGLHVZHUHIURPH%LRVFLHQ-
FLH6DQ'LHJR&$86$WKHDQWLšDQWLERGLHVZHUHIURP
Becton Dickinson-Pharmingen (Franklin Lakes, NJ, USA) 
DQGWKHDQWLšDQWLERG\ZDVIURP7KHUPR6FLHQWLILF3LHUFH
%LRWHFKQRORJ\%'%LRVFLHQFHV5RFNIRUG,/,/86$
To evaluate the functional profile of these cells, we deter-
PLQHG WKH SURGXFWLRQ RI ,)1Š DQG ,/ E\ LQWUDFHOOXODU
VWDLQLQJ LQ UHVSRQVH WR SK\WRKDHPDJJOXWLQLQ 3+$ SOXV
DQWL&'DQWLERG\%ULHIO\ [6 PBMCs were cultured in 
ZHOO SODWHV FRDWHGZLWKDQWL&'DQWLERG\DW JPO
and then PHA (Sigma-Aldrich, St Louis, MO, USA) was added 
DWJPO7KHFHOOVZHUHLQFXEDWHGDW&DQGRI&22 IRU KRXUV DQGJPORIEUHIHOGLQ$ 6LJPD$OGULFK 6W
Louis, MO, USA) were added; the culture was further incu-
EDWHGIRUKRXUVXQGHUWKHVDPHFRQGLWLRQV1H[WWKHFHOOV
ZHUHIL[HGSHUPHDELOL]HGVWDLQLQJEXIIHUNLWH%LRVFLHQFH
DQG VWDLQHG LQWUDFHOOXODUO\ XVLQJ WKH DQWLERGLHV DQWL,)1Š
APC (eBioscience) and anti-IL-10 APC (BD Biosciences). 
In all cases, the samples were run on a FacsCanto II flow 
F\WRPHWHU %HFWRQ'LFNLQVRQFROOHFWLQJGDWDDW OHDVWRQ
5 × 104 O\PSKRF\WHV JDWHG E\ IRUZDUG DQG VLGH VFDWWHU
SDUDPHWHUV DQG DQDO\]HG XVLQJ WKH &HOO 4XHVW 3UR VRIW-
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Sepsis induces changes in the proportion of NK 
DQGŠš T cells subpopulations
NK cells were divided in five subpopulations according 
WKH GLIIHUHQWLDO H[SUHVVLRQ RI &' DQG &'PROHFXOHV
The CD56dimCD16 and CD56¯CD16 subpopulations rep-
UHVHQW DURXQG  RI 1. SHULSKHUDO FHOOV H[KLELW KLJKO\
F\WRWR[LFDFWLYLW\DUHLQYROYHGLQWKHDQWLERG\GHSHQGHQW
FHOOPHGLDWHG F\WRWR[LFLW\ DQG SURGXFH ORZ DPRXQWV RI
,)1Š7KH&'brightCD16¯, CD56bright CD16dim subpopula-
WLRQVDURXQGRISHULSKHUDO1.FHOOVGRQRWKDYHKLJK
F\WRWR[LF DFWLYLW\ EXW DUH JRRG SURGXFHUV RI F\WRNLQHV
Although the CD56dim CD16¯ subpopulation is not well 
FKDUDFWHUL]HG LWKDVEHHQSRVWXODWHGWKDWKDYHF\WRWR[LF
DFWLYLW\ EXW DOVR FDQ SURGXFH F\WRNLQHV14 ,Q RXU VWXG\
population, CD56bright&'Ĉ 1. FHOOV ZHUH VLJQLILFDQWO\
diminished in patients with sepsis and severe sepsis com-
SDUHGZLWK KHDOWK\ GRQRUV PHGLDQV  
DQG   YV   S DQG
S UHVSHFWLYHO\ 7KH &'bright/CD16dim cells were 
also decreased in both groups of patients compared with 
KHDOWK\GRQRUVEXWRQO\WKHJURXSRISDWLHQWVZLWKVHYHUH
Table 1   Demographic and clinical characteristics.
Sepsis (n=26) Severe sepsis (n=88)
Healthy donors 
(n=8)
Female gender [n (%)] 10 (38) 41 (46) 4 (50)
Age [median (IQR)] 37 (25-58) 54 (35-68) 46 (39-49)
Nosocomial infection [n (%)] 2 (7.7) 33 (37.5)
28-day mortality [n (%)] 2 (7.7) 18 (20.4)
Source of infection [n (%)]
6\PSWRPDWLFXULQDU\WUDFWLQIHFWLRQ  
2WKHULQIHFWLRQVRIWKHXULQDU\WUDFW  -
Superficial surgical site - 
Deep surgical site  -
Bloodstream  
Clinical sepsisa  
Meningitis or ventriculitis - 
Mediastinitis  -
Sinusitis - 
Gastroenteritis - 
Intra-abdominal  
2WKHUORZHUUHVSLUDWRU\WUDFWLQIHFWLRQ - 
Skin infection - 
Soft tissue infection  
Burn - 
&RPPXQLW\DFTXLUHGSQHXPRQLD  
Other  
Blood culture ordered [n (%)] 14 (53) 75 (85)
Gram-positive 1 (7) 9 (12)
Gram-negative 0 17 (23)
APACHE IIb score 5 (3-8) 12 (9-16)
SOFAc score 1 (0-1) 4 (3-6)
Data are presented as mean ± standard deviation, number (percentage) and median (IQR) as indicated.
a According to CDC definition.
b$3$&+($FXWH3K\VLRORJLFDQG&KURQLF+HDOWK(YDOXDWLRQ
c SOFA (Serial Organ Failure Assesment).
,QFUHDVHGIUHTXHQF\RI1.DQGJDPPDGHOWD7FHOOVLQDFRKRUWRISDWLHQWVZLWKVHSVLV 
VHSVLV UHDFKHG VWDWLVWLFDO VLJQLILFDQFH PHGLDQV 
 YV   S &RQYHUVHO\ WKH
CD56dimCD16¯ subpopulation was increased in patients 
ZLWK VHYHUH VHSVLV FRPSDUHGZLWK KHDOWK\ GRQRUV 
 YV   UHVSHFWLYHO\ S
DQG DOVR FRPSDUHG ZLWK SDWLHQWV ZLWK VHSVLV 
 S 1R GLIIHUHQFHV ZHUH IRXQG DPRQJ
JURXSV LQ WKH IUHTXHQF\ RI &'dim/CD16 and CD56¯/
CD16 NK cells (Fig. 2A).
7KH IUHTXHQF\RI9šDQG9š7 O\PSKRF\WHV VKRZHG
a switch in the proportion of these subsets (Fig. 2B), 
ZLWK D UHGXFWLRQ LQ FLUFXODWLQJ9š7 FHOOV DQG D VLJQLIL-
FDQWLQFUHDVHLQ9šREVHUYHGLQERWKJURXSVRISDWLHQWV
FRPSDUHGZLWKKHDOWK\GRQRUV7KHPHGLDQSHUFHQWDJHV
RI9š7 FHOOVZHUH   LQ KHDOWK\GRQRUV
YVDQG LQSDWLHQWVZLWK
VHSVLV DQG VHYHUH VHSVLV S! DQG S UHVSHF-
WLYHO\ 7KHPHGLDQ SHUFHQWDJHV RI 9š 7 FHOOV ZHUH
LQKHDOWK\GRQRUVYV
DQG   S IRU ERWK SDWLHQWV ZLWK
VHSVLV DQG SDWLHQWV ZLWK VHYHUH VHSVLV UHVSHFWLYHO\
:KHQZH HYDOXDWHG WKH šš UDWLRZH IRXQG WKDW IRU
KHDOWK\GRQRUVLWZDVZKLOHIRUSDWLHQWVZLWKVHSVLV
DQG VHYHUH VHSVLV LW ZDV  DQG  UHVSHFWLYHO\
)LQDOO\ ZH HYDOXDWHG WKH H[SUHVVLRQ RI &' RQ Šš 7
O\PSKRF\WHV D VXESRSXODWLRQ UHODWHGZLWK LPPXQRUHJ-
XODWRU\ DFWLYLW\ EXWZHGLG QRW ILQGGLIIHUHQFHV DPRQJ
JURXSVWKH&'QHJDWLYHVXESRSXODWLRQRIWKHŠš7O\P-
SKRF\WHVZDV WKHPRVW IUHTXHQW LQ DOO JURXSV GDWDQRW
shown). 
,)1ŠDQG,/SURGXFWLRQE\1.DQGŠš7FHOOV
When the percentage of IFN-Š or IL-10 positive cells after 
stimulation with PHA/anti-CD28 was evaluated (Fig. 3), 
there were no significant differences in the production of 
,)1Š E\ 1. RU Šš 7 FHOOV DPRQJ JURXSV +RZHYHU ERWK
JURXSV RI SDWLHQWV KDYH D VLJQLILFDQWO\ ORZHU SHUFHQWDJH
RI ,/SRVLWLYH 1. FHOOV FRPSDUHGZLWK KHDOWK\ GRQRUV
Figure 1   7KH IUHTXHQF\ RI1. DQGŠš7 O\PSKRF\WHV LQ 3%0&V
IURPSDWLHQWVZLWKVHSVLVRUVHYHUHVHSVLVDQGKHDOWK\GRQRUVZDV
GHWHUPLQHGE\IORZF\WRPHWU\1.FHOOVZHUHGHILQHGDV&'ĈFHOOV
and the sum of CD56&'&'&'Ĉ&'Ĉ&'7KHŠš7
O\PSKRF\WHVZHUHGHILQHGDVSRVLWLYHFHOOVIRUWKHŠšUHFHSWRU0H-
dian and interquartile range are represented. White bars represent 
FRQWUROV OLJKW JUH\ EDUV UHSUHVHQW SDWLHQWVZLWK VHSVLV DQG GDUN
JUH\ EDUV UHSUHVHQW SDWLHQWVZLWK VHYHUH VHSVLV 7KH FRPSDULVRQ
among groups was performed with Kruskal Wallis test and the pos-
WHVWFRPSDULVVRQVZLWKWKH'XQWHVWSS
Figure 2,QQDWHO\PSKRF\WHVXESRSXODWLRQV7KHSHUFHQWDJHRI1.DQGŠš7O\PSKRF\WHVXESRSXODWLRQVZDVDVVHVVHGLQSDWLHQWVZLWKVHSVLVRU
VHYHUHVHSVLVDQGKHDOWK\GRQRUV$7KHSHUFHQWDJHRIHDFK1.VXESRSXODWLRQZDVGHWHUPLQHGDPRQJWRWDO1.FHOOVLQ3%0&E\IORZF\WRPH-
WU\7KHVXESRSXODWLRQVZHUHGHILQHGDFFRUGLQJWRWKHGLIIHUHQWLDOH[SUHVVLRQRI&'DQG&'PROHFXOHV%Šš7O\PSKRF\WHVXESRSXODWLRQV
7KHIUHTXHQF\RI9šDQG9šFHOOVZHUHGHWHUPLQHGLQ3%0&VE\IORZF\WRPHWU\:KLWHEDUVUHSUHVHQWFRQWUROVOLJKWJUH\EDUVUHSUHVHQW
SDWLHQWVZLWKVHSVLVDQGGDUNJUH\EDUVUHSUHVHQWSDWLHQWVZLWKVHYHUHVHSVLV0HGLDQDQGLQWHUTXDUWLOHUDQJHVDUHUHSUHVHQWHG7KHFRPSDULVRQ
DPRQJJURXSVZDVSHUIRUPHGZLWK.UXVNDO:DOOLVWHVWDQGWKHSRVWWHVWFRPSDULVRQVZLWKWKH'XQQ
VWHVWSS
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^ ȩ IRU SDWLHQWV ZLWK VHSVLV 
ȩDQGIRUSDWLHQWVZLWKVHYHUHVHSVLVYV
 IRU KHDOWK\ GRQRUV S DQG S
UHVSHFWLYHO\` 6LPLODUO\ SDWLHQWVZLWK VHYHUH VHSVLV DQG
VHSVLVKDYHDORZHUSHUFHQWDJHRI,/SRVLWLYHŠš7FHOOV
FRPSDUHGZLWK KHDOWK\ GRQRUV DOWKRXJK WKH GLIIHUHQFH
ZDV RQO\ VLJQLILFDQW ZLWK VHYHUH VHSVLV SDWLHQWV ^
 IRU KHDOWK\ GRQRUV YVȩ ȩ
IRU WKRVHZLWK VHYHUH VHSVLV S DQG  ȩ
S!IRUVHSVLVJURXS`
Proinflammatory cytokine profile in NK cells 
during sepsis
$VVKRZLQ7DEOH LQKHDOWK\GRQRUVWKHUDWLRVEHWZHHQ
,)1ŠDQG,/H[SUHVVLQJ1.DQGŠš7FHOOVZHUHFORVHWR
 LQERWKXQVWLPXODWHGDQGVWLPXODWHGFHOOV&RQYHUVHO\
D SUHIHUHQWLDOO\ SURLQIODPPDWRU\ SURILOHZDV REVHUYHG LQ
SDWLHQWV VLQFH WKH SHUFHQWDJH RI ,)1Š SRVLWLYH FHOOVZDV
higher than the percentage of IL-10 positive cells in NK 
FHOOV S IRU ERWK XQVWLPXODWHG DQG VWLPXODWHG FHOOV
Figure 3&\WRN\QHSURGXFWLRQE\1.DQGŠš7O\PSKRF\WHV7KHSURGXFWLRQRI,)1Š$DQG,/%E\WKHVHFHOOVXESRSXODWLRQVZDV
HYDOXDWHGDIWHUK3+$DQWL&'VWLPXODWLRQRI3%0&VE\LQWUDFHOOXODUIORZF\WRPHWU\6LQFHWKH&'PROHFXOHLVGRZQUHJXODWHGDIWHU
VWLPXODWLRQZHLQFOXGHGDQWL&'DQWLERG\%'%LRVFLHQFHVWREHWWHU LGHQWLI\WKH1.SRSXODWLRQ LQWKHO\PSKRF\WHJDWHDVFHOOV&'ȩ
&'ȩ7KHSHUFHQWDJHRI,)1ŠRU,/SRVLWLYHFHOOVDQGWKHPHGLDQDQGLQWHUTXDUWLOHUDQJHRIGHOWDYDOXHVSHUFHQWDJHRIF\WRNLQHSRVL-
WLYHFHOOVDIWHUWKHVWLPXOXVPLQXVWKHSHUFHQWDJHRIF\WRNLQHSRVLWLYHFHOOVZLWKRXWVWLPXODWLRQDUHUHSUHVHQWHG:KLWHEDUVUHSUHVHQWFRQ-
WUROVOLJKWJUH\EDUVUHSUHVHQWSDWLHQWVZLWKVHSVLVDQGGDUNJUH\EDUVUHSUHVHQWSDWLHQWVZLWKVHYHUHVHSVLV7KHFRPSDULVRQDPRQJJURXSV
ZDVSHUIRUPHGZLWK.UXVNDOO:DOOLVWHVWDQGWKHSRVWWHVWFRPSDULVVRQVZLWKWKH'XQQ
VWHVWSS
Table 27K7KF\WRNLQHSURILOH
Ratio of IFNŠ,/FHOOV
Healthy donors Sepsis Severe sepsis P value*
NK
UN 1.05 5.97 7.79 0.0283
PHA/anti-CD28 0.94 9.2 12.18 0.0101
iNKT
UN 1.41 0.89 0.65 0.3051
PHA/anti-CD28 0.97 1.25 1.5 0.4596
šŢ
UN 1.33 1.25 1.31 0.774
PHA/anti-CD28 1.19 3.67 3.12 0.3841
3+$SK\WRKHPDJJOXWLQLQ81FHOOVFXOWXUHGZLWKRXWVWLPXOXV
* The comparison among groups was performed with Kruskall Wallis test.
**
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,QFUHDVHGIUHTXHQF\RI1.DQGJDPPDGHOWD7FHOOVLQDFRKRUWRISDWLHQWVZLWKVHSVLV 
DQGLQŠš7FHOOVDOWKRXJKLQWKLVODWWHUFHOOVXESRSXODWLRQ
the difference was not significant. 
Discussion
7KH UROH RI LQQDWH O\PSKRF\WH VXESRSXODWLRQV GXULQJ WKH
SDWKRJHQHVLVRIVHSVLVKDVEHHQUHFHQWO\XQGHUOLQHGEDVHG
RQ WKHLU LPPXQRUHJXODWRU\ SURSHUWLHV DQG WKH SRWHQWLDO
influence in the outcome of the patient. However, the 
characterization of these cells in patients with sepsis has 
QRWEHHQIXOO\HVWDEOLVKHG
The role of NK cells during the pathogenesis of sepsis 
is controversial.15 Here we show that the percentage of 
peripheral NK cells is increased in patients with sepsis, 
finding that is in agreement with a previous report in neo-
nates with sepsis16 and in patients with severe Gram-neg-
ative sepsis.17 In addition, it was also described that 
patients with severe sepsis who died have higher counts of 
1.FHOOVLQEORRGDQGHDUO\DFWLYDWLRQSDWWHUQVLQFRPSDUL-
son with those patients who survived.18,19
$OWKRXJKZHIRXQGWKDWWKHSHUFHQWDJHRI,)1ŠSRVLWLYH
NK cells do not differ from that of controls, the overall 
SURLQIODPPDWRU\ UHVSRQVH RI 1. FHOOV FRXOG EH KLJKHU
in patients, since there was a significant decrease in the 
percentage of IL-10 NK positive cells when compare with 
controls. We speculate that the decreased percentage of 
IL-10 NK positive cells in patients might be related to the 
decrease in the CD56bright NK subpopulations which is pri-
PDULO\LQYROYHGLQF\WRNLQHSURGXFWLRQ20
,Q WKHFRQWH[WRI LQFUHDVHGSHUFHQWDJHRI1.FHOOVDQG
ORZHUSURGXFWLRQRIDQWLLQIODPPDWRU\F\WRNLQHV1.FHOOV
can promote the overactive immune response observed in 
the initial phases of sepsis. This would be in agreement 
ZLWKZKDW KDV EHHQ SRVWXODWHG LQ H[SHULPHQWDOPRGHOV
of sepsis, where there is increasing evidence of the detri-
mental role of NK cells during the disease.8,10,21
'HVSLWH WKH ORZ VHYHULW\ RI RXU VWXGLHG SRSXODWLRQZH
found an increase in the percentage of the subpopulation 
CD56dim/CD16¯ in severe sepsis patients.
The origin and functional profile of CD56dim/CD16¯ NK 
VXESRSXODWLRQ KDV QRW \HW EHHQ FODULILHG 7KH LQFUHDVHG
percentage of these cells in patients with severe sepsis 
PLJKW VXJJHVW D SRVVLEOH DVVRFLDWLRQEHWZHHQ D F\WRWR[LF
DFWLYLW\ DQG WKH VHYHULW\ RI VHSVLV XQIRUWXQDWHO\ ZH
FRXOGQRWSHUIRUPF\WRWR[LFLW\DVVD\V,QDSUHYLRXVVWXG\
DQ DVVRFLDWLRQ EHWZHHQ WKH DFWLYDWLRQ RI F\WRWR[LF FHOOV
DQGKLJKHUPRUWDOLW\DQGVHYHULW\RIRUJDQG\VIXQFWLRQ LQ
patients with sepsis was established.22 However, it cannot 
EHHQVXUHGWKDWWKH LQFUHDVHGIUHTXHQF\RIWKHF\WRWR[LF
VXESRSXODWLRQV UHSUHVHQWV DQ LQFUHDVH LQ F\WRWR[LF DFWLY-
LW\JLYHQWKDWSUHYLRXVUHSRUWVLQRWKHUSDWKRORJLFDOFRQ-
WH[WV VXFK DV+,9 LQIHFWLRQ KDYH LQGLFDWHG WKDW GHVSLWH
DQ LQFUHDVHG IUHTXHQF\ RI WKHVH FHOOV WKHLU IXQFWLRQDO
DFWLYLW\LVJUHDWO\DOWHUHG23 
Šš7FHOOVUHSUHVHQWDVPDOOSURSRUWLRQRIWKHWRWDO
7 O\PSKRF\WHV LQ SHULSKHUDO EORRGZKHUH9š7 FHOOV DUH
WKHPRVWSUHYDOHQWVXEVHW!$VPDOOHUVXEVHWKDVWKH
receptor Vš LQYROYHG LQ WKH UHFRJQLWLRQRI VWUHVVLQGXFHG
MHC-related antigens.24 In contrast to previous studies, we 
GLGQRW ILQGGLIIHUHQFHV LQ WKH IUHTXHQF\RI Šš7 O\PSKR-
F\WHVLQ3%0&VDPRQJWKHWKUHHJURXSVVWXGLHG0DWVXVKLPD
et al.25 UHSRUWHGDQHDUO\GHFUHDVH LQ WKH IUHTXHQF\RIŠš
7 O\PSKRF\WHV LQZKROHEORRG IURPSDWLHQWVZLWK 6,56DQG
patients with sepsis, and Venet et al.26 reported a signifi-
FDQWGHFUHDVHLQŠš7O\PSKRF\WHVLQVHSWLFVKRFNSDWLHQWV
7KHVHGLIIHUHQFHVFRXOGEHH[SODLQHGLQDGGLWLRQWRWKHSDU-
WLFXODUFKDUDFWHULVWLFVRIRXU VWXG\SRSXODWLRQE\ WKHW\SH
RIVDPSOHVLQFHLQWKHVWXGLHVRI9HQHWHWDOWKHIUHTXHQF\
ZDVHVWDEOLVKHGLQSHULSKHUDOEORRGZKLOH LQRXUVWXG\WKH
IUHTXHQF\ZDVGHWHUPLQHGLQ3%0&V
7KH H[SUHVVLRQ RI &' RQ Šš 7 O\PSKRF\WHVZDV DOVR
evaluated since the CD8 positive subpopulation has been 
UHSRUWHGWRSOD\DUHJXODWRU\IXQFWLRQLQSDWKRORJLFDOFRQ-
ditions.27 No differences were found among the groups. 
1HYHUWKHOHVV WKH UROH WKDWŠš7 O\PSKRF\WHVSOD\GXULQJ
WKH GLVHDVHPD\ EH DWWULEXWHG WR RWKHU SKHQRW\SLF FKDU-
acteristics such as the presence of the variable segments 
9šDQG9šLQWKHLUUHFHSWRU,QIDFWWKHUHZDVDQLQWHU-
esting switch with a dramatic decrease in the percentage 
RI9š7FHOOVDQGWKHFRQVHTXHQWLQFUHDVHRI9š7FHOOV
in patients with sepsis. A similar change has been reported 
LQ+,9LQIHFWHG LQGLYLGXDOV SDUWLFXODUO\ LQ SDWLHQWV FRLQ-
fected with opportunistic pathogens.28 The reduction of 
9š 7 FHOOV FRXOG EH UHODWHG WR WKH UHVSRQVH WR TXLPLR-
WDFWLF VWLPXOXVRU WRDSRSWRVLV VXVFHSWLELOLW\E\ VXVWDLQHG
activation,29,30 ZKLOH WKH LQFUHDVH LQ SHULSKHUDO 9š 7
cells could be related to recirculation of these cells from 
mucosa tissues.31
&RQVLGHULQJ WKH UROH WKDW 9š7 FHOOV SOD\ LQ WKH LQLWLDO
control of infections and their marked reduction in patients 
with sepsis, we can speculate on the importance of this 
VXEVHW LQ SUHYHQWLQJ VHFRQGDU\ LQIHFWLRQVZKLFK FDQ EH
HQKDQFHGE\ WKH ODFN RI HIIHFWRU FHOOV DQG WKH SUHVHQFH
RI UHJXODWRU\ FHOOV WKDW IDYRU WKHH[SDQVLRQ RU DFTXLVLWLRQ
of infections. However, we found a lower percentage of 
,/SRVLWLYHŠš7O\PSKRF\WHVLQUHVSRQVHWRVWLPXODWLRQ
a finding that suggests the importance of others immuno-
UHJXODWRU\ SRSXODWLRQV GXULQJ LQIHFWLRQ ,Q WKH VHWWLQJ RI
RXU H[SHULPHQWDO GHVLJQ LWZDV QRW SRVVLEOH WR HVWDEOLVK
ZKHWKHUWKHUHGXFWLRQLQWKH9šVXEVHWRIŠš7FHOOV LVD
predisposing factor to the development of sepsis or is a con-
sequence of the infection itself.
Since these entire cell subpopulations are potent pro-
GXFHUVRI ,)1Š LQH[SHULPHQWDOPRGHOVRI VHSVLV WKH\DUH
EHOLHYHGWRSOD\DVLJQLILFDQWUROHLQWKHG\VUHJXODWHGVHSWLF
UHVSRQVH ,QWKLV VWXG\ZHREVHUYHGWKDWERWK1.DQGŠš7
cells from patients with severe sepsis tend to produce more 
,)1ŠWKDQ,/&RQVLGHULQJWKHHDUO\UROHRI ,)1ŠLQSUR-
PRWLQJ WKH IXQFWLRQDO DFWLYLW\ RIPDFURSKDJHV DQG RWKHU
antigen-presenting cells,32 and the importance of IL-10 for 
the regulation of the immune response, the production of 
WKHVH F\WRNLQHVPD\ KDYH GLIIHUHQWLDO LPSOLFDWLRQV LQ WKH
SDWKRJHQHVLVRI WKHVHSWLFV\QGURPHGHSHQGLQJRQ LWVSUR-
JUHVVLRQ+RZHYHULWLVLPSRUWDQWWRQRWHWKDWWKHDELOLW\RI
WKHVHFHOOVXESRSXODWLRQVWRSURGXFHHLWKHUSURLQIODPPDWRU\
RUDQWLLQIODPPDWRU\F\WRNLQHVDUHFRQGLWLRQHGE\ WKH W\SH
RIVWLPXOLDQGDOVRE\WKHIXQFWLRQDOPDWXUDWLRQRIRWKHUFHOO
SRSXODWLRQV WKDW FDQDPSOLI\ LPPXQH UHVSRQVHVDQGFRXOG
be associated with deleterious or beneficial outcomes in 
patients with sepsis.
Taken together, the results suggest that alterations in 
innate immune cell subpopulations during sepsis are more 
HYLGHQWLQVHYHUHFDVHV7KHVHSDWLHQWVH[KLELWDQLQFUHDVH
184 M. Diosa-Toro et al
LQ WKH IUHTXHQF\RI1.PDLQO\ WKH&'dim subpopulation 
ZLWKDSURLQIODPPDWRU\F\WRNLQHSURILOHDQGDOVRDVZLWFKLQ
WKHSURSRUWLRQRIšDQGšVXESRSRXODWLRQ6LQFHRXUVWXG\
SRSXODWLRQ H[KLELWHG ORZ VHYHULW\ WKHPDJQLWXGH RI WKH
SKHQRW\SLF FKDQJHV LQPRVW VHYHUH FDVHV VKRXOG EHPXFK
more evident. However, the clinical relevance of these 
findings remains to be established. 
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